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3. Printing human 
tissues
One of the ways that 3D printing can 
touch our lives is through regenerative 
medicine.  The new HP-NTU Digital 
Manufacturing Corporate Laboratory will 
work on discovering new biomaterials for 
the printing of viable tissues.  Applications 
include the printing of hard tissues, like 
bones, or vascularised structures with 
integrity, like arteries.  

1. Tackling myopia 
Did you know that one in two children in 
Singapore develop myopia by the age of 12, 
and 75 per cent of teenagers are myopic and 
rely on glasses?  It is no secret that many in 
Singapore have myopia but these statistics may 
be surprising.

The Singapore National Eye Centre, its research 
arm Singapore Eye Research Institute, and 
Johnson & Johnson Vision are working together 
to tackle myopia.  Besides conducting research 
to examine the root causes of myopia and how 
to prevent it, researchers will also develop new 
products to provide better treatment options 
for people with myopia. 

2. New corporate 
lab partnership to 
boost semiconductor 
industry here
More than half of the world’s semiconductor 
companies have R&D and manufacturing activities in 
Singapore.  Singapore also manufactures one in 10 
of the world’s integrated circuits.  The semiconductor 
industry is now transforming rapidly with the rush 
for better-performing chips that are required in 
more advanced applications such as autonomous 
vehicles, robotics, and IoT devices.  To ride these 
new opportunities, Applied Materials and NUS are 
teaming up through a new corporate lab to develop 
the next generation of semiconductors that are 
smaller, cheaper, faster, and more power-efficient.  

4. Smart grid 
technologies for 
companies
A new consortium will provide companies a 
leg-up in commercialising grid technologies 
such as advanced power electronics, energy 
management systems, and cybersecurity.  
The Smart Grid and Power Electronics 
Consortium, hosted at NTU, will allow 
companies and researchers to work together 
to develop smart grid technologies for 
deployment in the industry.  To-date, 17 
companies have joined the consortium.  

5. heat relief 
An NUS study has found that when temperatures rise, 
water provides heat relief for lower-income households, 
while demand for electricity increases among higher-
income households, likely through the use of air-
conditioning.  The study looks to contribute towards 
improving demand forecasting for water and electricity 
in water-stressed cities in tropical Asia.  In Southeast 
Asia, climate models project annual temperature to 
increase by 1 to 4 degree Celsius and winter rainfall to 
decrease by 20 to 30 per cent by 2070.  

Human tissues that can be generated through 3D printing.  
Photo: HP 
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As a young PhD student at the University of California, Berkeley, in the early 
1980s, Silvio Micali and fellow computer science student Shafi Goldwasser 
sat in their lab puzzling over a problem: How can we play poker securely 
over the phone? 

Though seemingly trivial at first glance, the question was part of a larger 
problem exploring how to safely receive and exchange information. 
Searching for a solution, the pair devised a method to encrypt single bits of 
data by creating a public-key encryption scheme made secure by combining 
the use of probabilistic encryption, semantic security, and computational 
indistinguishability. From there, Professors Micali and Goldwasser proved 
their new mechanisms could be scaled up and applied to situations of much 
greater complexity. 

These include many of the technologies we use today, such as Internet 
transactions, digital signatures, and cloud computing. Their work 
revolutionised the field of cryptography, laying mathematical foundations 
to make it a more precise science. It also helped advance the theory of 
computation. For their contributions to the science of cryptography, 
Professors Micali and Goldwasser were awarded the Turing Award in 2012 
— the highest accolade given to computer scientists.

S INGAPORE WILL  HOST SCIENCE AND TECHNOLOGY LUMINARIES  AT 
THE SEVENTH EDIT ION OF THE GLOBAL YOUNG SCIENTISTS  SUMMIT .  
NOBEL LAUREATES AND RECIP IENTS OF THE F IELDS MEDAL ,  MILLENNIUM 
TECHNOLOGY PRIZE ,  AND TURING AWARD WILL  DESCEND INTO THE C ITY 

TO MENTOR 200 YOUNG RESEARCHERS FROM ALL  OVER THE WORLD.  
HERE ARE THE KEY  SPEAKERS . 

Silvio Micali
Turing Award 2012

Semiconductors lie at the heart of modern electronics — they’re found in 
everything from solar cells to computer chips, batteries to lasers. It’s an 
industry that wouldn’t be possible today without the help of Finnish material 
scientist Dr Tuomo Suntola.

In 1974, Dr Suntola invented a technique for developing ultra-thin films on any 
kind of surface, including three-dimensional ones. Atomic Layer Deposition, 
as the method is called, enables films to be grown one atomic layer at a time. 
This results in films so thin they only measure a few millionths of a millimetre, 
thereby allowing for tiny yet highly efficient semiconductors to be made.

For his invention in helping to make our lives “with high efficiency smartphone, 
computers and social media possible,” Dr Suntola received the biennial 
Millennium Technology Prize in 2018, one of biggest technology awards in the 
world. 

Today, Dr Suntola’s work focuses on understanding the fundamentals of 
physics and the philosophy of science — topics he’s been passionate about 
since his student days. He explores many related ideas in his 2012 book, The 
Short History of Science – or the long path to the union of metaphysics and 
empiricism.

Tuomo Suntola
Millennium 

Technology Prize
2018

The world is full of motors, from the biological ones that power our muscles and 
transport molecules in our body, to the artificial ones that are embedded in our 
machines, cars, planes and robots and make them functional.

In 1999, Professor Ben Feringa created the first molecular motor, opening up 
new possibilities in chemistry and nanotechnology, and earning him the Nobel 
Prize in Chemistry in 2016 alongside two other scientists. 

Normally, molecules’ movements are governed by chance. A spinning molecule, 
for example, may move as many times to the right as it does to the left. 
Professor Feringa designed a molecular motor that can be made to spin in only 
one direction.

This breakthrough is important because it means that the motor can be used to 
direct molecular machines’ movement. Professor Feringa himself has created 
molecule-sized cars that can scoot along a surface, and artificial muscles that 
flex in response to ultraviolet light.

“Our tiny, artificial muscle can bend, stretch and lift up a piece of paper just by 
the action of the motor and the light energy that drives these motors,” he said 
in a recent interview. “When you switch on a lamp and see something you have 
developed start moving, it’s a delight.”

Ben Feringa
Nobel Prize in 

Chemistry
2016

GLOBAL YOUNG SCIENTISTS SUMMIT  
HIGHLIGHTS  
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Barry Barish
Nobel Prize in Physics 2017

More than a billion years ago, two black holes collided, generating ripples in 
spacetime known as gravitational waves. In 2015, an international coalition of 
scientists led by Professor Barry Barish detected these waves when they finally 
reached Earth, forever changing science.

Since the early 1900s, scientists including Albert Einstein had predicted the existence 
of these waves, believing that they are generated whenever violent events occur in 
the universe, such as when two black holes collide or stars explode. 

By studying these waves, scientists could theoretically learn more about the 
universe’s history and fundamental laws. The waves from the Big Bang, for example, 
could tell us more about how the universe was formed. For decades, however, the 
scientific community could not prove the existence of these waves, and some did 

not even believe they truly existed. Professor Barish was instrumental in changing that.  In 1984, the California Institute 
of Technology (Caltech) and Massachusetts Institute of Technology joined forces to found the Laser Interferometer 
Gravitational-Wave Observatory (LIGO), with the goal of detecting the waves. 

When Professor Barish took over as LIGO’s leader in 1994, he expanded its small research group of about 40 people into 
a globe-spanning partnership of more than 1,000 scientists from over 20 countries. He also oversaw the construction of 
its facilities and other key efforts.  In 2015, gravitational waves were observed for the very first time by LIGO. Two years 
later, in 2017, Professor Barish and two other scientists who were crucial to LIGO’s success were conferred the Nobel 
Prize in Physics.

Ada Yonath
Nobel Prize in Chemistry 2009

All of the cells in living organisms contain tiny factories called ribosomes that 
are essential to life. Professor Ada Yonath’s trailblazing research was essential to 
deciphering their mode of function by mapping them, which revolutionised the fields 
of medicine and biology. For her pioneering work, she was awarded the 2009 Nobel 
Prize in Chemistry alongside two other scientists. 

In people, ribosomes produce proteins that are responsible for a vast array of 
tasks. Proteins transport oxygen from the lungs to the rest of the body, control the 
sugar level in blood, capture viruses, build hair and nails, produce energy and more. 
Ribosomes play a vital role in life, making them targets for antibiotic drugs.

When Professor Yonath started her work to map ribosomes, most scientists thought 
she would fail, since many distinguished researchers could not even obtain the 

ribosomal crystals that were needed to study their structure. 

Professor Yonath believed that ribosomal instability was the main obstacle, so she used ribosomes from tough bacterial 
strains found in the Dead Sea, hot springs and nuclear facilities’ waste for her experiments. Even though she succeeded 
in obtaining crystals, they decayed in the X-ray beams used for data collection. She reasoned that the cause was motion 
within the sensitive ribosomal crystals. This led her to invent a procedure to minimise the crystals’ internal energy, thus 
reducing the motion.  She dipped the crystals in oil before snap-freezing them to cryogenic temperatures. This technique 
is now called cryo-bio-crystallography and is routinely used worldwide in structural biology.  

Michael Levitt
Nobel Prize in Chemistry 2013

Biochemistry labs back in the day looked somewhat like a child’s playroom — with 
brightly coloured ball-and-stick models perched upon tabletops and floors. Scientists 
used these models, together with X-ray crystallography, to help them pinpoint where 
atoms are positioned within a molecule, hence elucidating its structure and function.

Today, most ball-and-stick models are purely decorative, replaced by computer 
models and simulations — a change engineered by computational structural 
biologist Professor Michael Levitt in the 1970s. Professor Levitt, who won the 2013 
Nobel Prize in Chemistry, says the work he and his collaborators did was to “pioneer 
multi-disciplinary calculations to reveal the functional motion of the large, structured 
molecules responsible for all life.” 

His molecular dynamics simulation and modelling techniques have enabled 
scientists to predict the structure and function of numerous proteins, DNA and RNA with great accuracy, leading to the 
design of many new drug compounds, among other applications.

Want to catch the global young scientists summit speakers in action? 
Join us at these public lectures:
(1) Cryptography, Cybersecurity & Blockchain with Silvio Micali
21 January, 6:30 pm, Singapore Management University 
Registration link: https://research.smu.edu.sg/2019-SMU-GYSS

(2) Science meets Art: How to Shape the Future of Humanity with Ben Feringa
22 January, 6:30 pm, Nanyang Technological University
Registration link: https://wis.ntu.edu.sg/pls/webexe/REGISTER_NTU.REGISTER?EVENT_ID=OA19011108413990

(3) Impact of Basic Science on Modern Society with Aaron Ciechanover, Michael Levitt and Sir Fraser Stoddart
23 January, 6:30 pm, National University of Singapore
Registration link: https://mysurvey.nus.edu.sg/EFM/se/543BE5C26E3C17F5
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SAVING PEATLANDS  

ALEX COBB

COMMENTARY

Managed and 
degraded tropical 
peatlands are 
a source of 
transboundary 
smoke haze. In 
their natural state 
(top), peatlands 
are swamps and 
are not normally 
vulnerable to fire.  
Photos: Singapore-
MIT Alliance for 
Research and 
Technology 

PRINCIPAL  RESEARCH SCIENTIST
CENTER FOR ENVIRONMENTAL SENSING AND MODELING

SINGAPORE-MIT  ALL IANCE FOR RESEARCH AND TECHNOLOGY 

Peatlands are areas where partly decomposed wood 
from dense swamp forest has built up into soggy 
mounds of organic matter, or peat, kilometres across 
and metres thick.  Peat accumulates over thousands 
of years in wet, low-lying areas because waterlogged 
wood in the peat soil decomposes very slowly.  

In their natural state, tropical peatlands are not 
vulnerable to fire because swampy water flows 
sluggishly through the peat and is constantly replaced 
by rain.  However, in the last 30 years, 70% of natural 
peatlands have been deforested and converted for 
agriculture. The most common economic uses of 

and Controlling Haze in Southeast Asia”.

The project builds on earlier research conducted by 
SMART to understand how water flow in peatlands 
controls peat moisture and vulnerability to fire. 

To learn about these processes, the group established 
first-of-their-kind research sites in pristine peat 
swamp forests fitted with arrays of sensors 
measuring flows of water and carbon.  Using these 
measurements, the team learned a basic principle 

Peatland fires are a source of smoke haze, but peatlands are only vulnerable to fire when peat soil 
is dry.  Researchers here are developing tools to predict when and where peatlands are flammable, 
and how peatlands can be better managed to reduce fire and haze.

peatlands require that the peat is drained by digging 
canals and ditches, allowing rainwater to quickly flow 
out of the peat.  Once it has been drained, dry peat is 
over 99% combustible.   Unlike ordinary forest fires, 
peat fires consume the organic soil itself, creating 
underground, smouldering fires that are very difficult 
to extinguish.

Singapore has started a collaborative project studying 
the connection between hydrology and fire in tropical 
peatlands.  In 2017, the National Research Foundation 
supported a joint research project on peat hydrology 
and fire titled “Tools for Managing Tropical Peatlands 

are vulnerable to fire and subsidence after ditching.  
After a canal or ditch is dug, creating a local, sharp 
“shoulder” in the water level, the peat will gradually be 
lost by subsidence or fire until the surface again has 
the same smooth curvature.

of how peat accumulates in peatlands:  it tends to 
gradually build up into mounds in which the peat 
surface has the same slight curvature throughout 
the peatland.  This uniform-curvature property 
provides a simple way of predicting where peatlands 
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The team is now applying these 
results to develop and test 
approaches for land restoration by 
experimenting on a recently burnt 
peatland.  Following blocking of a 
canal in the degraded peatland, 
the group is coordinating a tree-
planting project to rebuild the peat 
that has been lost with subsidence 
and fire.

In addition, by applying this 
fundamental understanding to 
interpret satellite data, the group is 
developing new methods to predict 
when and where nearby peatlands 
are vulnerable to fire.  

The core research team consists of 
Principal Investigators Professor 
Charles Harvey from MIT and 
Nanyang Assistant Professor 
Mikinori Kuwata from NTU, with 
Co-Principal Investigator Alex Cobb 
from SMART, the Meteorological 

Service Singapore, and collaborators Senior Lecturer 
Shawn Lum from NTU and Assistant Professor Alex 
Konings from Stanford University.  

Because of its interdisciplinary nature, the project has 
provided many training opportunities for students. To 
date, 21 Singapore university and polytechnic students 
and recent graduates have participated in the group’s 
peat swamp research, through internships, final-year 
projects, or as research engineers.   

“
...we are coordinating a tree-planting 
project on the “shoulder” of the canal to 
rebuild the peat that has been lost with 
subsidence and fire...

In the process, these students learnt fields spanning 
electrical engineering, mechanical engineering, 
physics and environmental science.  After working on 
the project, students have gone on to graduate school 
at Stanford University and MIT, and employment in 
engineering and aerospace firms in Singapore.

Through continued work on peatland hydrology and 
fire, the group aims to develop the technical expertise 
needed to tackle regional challenges on peatland 
management.

The Tools for Managing Tropical Peatlands and 
Controlling Haze in Southeast Asia research project 
was launched in 2017.  The three-year project is co-
led by the Singapore-MIT Alliance for Research and 
Technology (SMART) and NTU, and supported by the 
National Research Foundation under the CREATE 
programme.   

Below: A researcher installing a gas analyser for measuring 
the amount of carbon dioxide released when tropical 
peatlands dry out.  Right: Researchers studying ecosystem 
processes in a pristine peatland.  Research has shown 
that natural peatlands experience fire very rarely, whereas 
drainage for economic use makes peatlands vulnerable to 
frequent fire.  Photos: Singapore-MIT Alliance for Research 
and Technology 
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1. RFID technology to detect track faults

Radio-frequency induction technology is used for 
real-time monitoring of anomalies on the power rails 
and running rails, even as trains are traveling along 
the train networks. This means engineers can detect 
track faults earlier and repair them quickly to minimise 
service delays. 

2. On-site repair system for track rails

This repair system uses laser-cladding technology 
to repair defective rails, and is mounted on wagon 
vehicles to carry out repairs on-site. This cuts down 
the repair time from three nights to one night, as 
engineers do not need to cut out sections of the rail 
and bring them back for repairs.  

4. Sensor system to detect door faults 

A sensor system mounted on train doors records 
air pressure, door speed and supply voltage to 
help engineers identify door faults. Coupled with 
an advanced algorithm that predicts door failures, 
the sensor system helps engineers to carry out pre-
emptive maintenance. 

3. Automated inspection of train 
wheels and axles  

A sensor system is embedded within the rails to 
inspect train wheels as the train returns to the 
depot at the end of the day. Together with an 
automated robot that inspects train axles, these 
technologies help to cut the time needed for 
inspection and provide early warning signals for 
potential defects.  

building a resilient rail system
Researchers from the SMRT-NTU Smart Urban Rail Corporate Laboratory are developing new 
technologies to help rail engineers enhance train reliability and improve repair processes for 
track rails, train doors and wheels.  Officially opened in 2018, the lab is working on 13 research 
projects.  Here are some of the projects.   

1

4

2 3
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BATTLE AGAINST MALARIA DRUG-RESISTANCE

INTERVIEW

Your latest research uncovers the pathway used 
by Natural Killer (NK) cells to detect red blood 
cells infected by the malaria parasite.  How did 
the team find out that it was the responsiveness 
of NK cells that affected people’s vulnerability to 
malaria? 

In 2014, we showed that human NK cells can directly 
kill malaria-infected red blood cells. At the same 
time, we discovered that the efficiency of NK cell 
killing of infected red blood cells varies between 
different individuals. Hence, over the next 3-4 years, 
we sought to decipher and explain such variations. 
In collaboration with research groups in Thailand 
and Bangladesh, we obtained NK cells from patients 
diagnosed with either mild or severe malaria. Through 
the analysis of these samples, we found that NK cells 
of patients with severe malaria had a lower efficiency 
of malaria elimination than NK cells of patients with 
mild malaria.  

The team has established that NK cells with 
higher levels of MDA5 respond better to a malaria 
infection, and it was possible to improve non-
responding NK cells by activating MDA5 artificially 
with a synthetic drug compound.  When can we 
expect clinical trials to start on the drug?  

MDA5 is a pathogen-recognition receptor located 
inside NK cells. As such, any drug that targets MDA5, 
must be able to cross the cell membrane or be 
absorbed into the cell. This adds another layer of 
complexity to the formulation of the drug for human 
administration. As is the case for most drugs, our 
team forecasts at least ten years from the discovery 
of the drug to the time the drug is available on the 
market. However, our research also sheds light on 
a possible way for early stratification of malaria-
infected patients based on their expression of the 
MDA5 molecule. This may help direct allocation of 
clinical resources to better support patients who are 

THE F IGHT AGAINST MALARIA  HOLDS A  SPECIAL  PLACE IN  DR YE 
WEI J IAN ’S  HEART .   THE RESEARCHER FROM THE S INGAPORE-MIT 
ALL IANCE FOR RESEARCH AND TECHNOLOGY WANTS TO BOOST 
THE BODY ’S  NATURAL DEFENCES AGAINST MALARIA  INFECTION, 

AND IN  THIS  WAY ,  COUNTER MALARIA  DRUG-RES ISTANCE.

Natural Killer cells engulfing a malaria microvesicle. Photo: Dr Ye Weijian 
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at a higher risk of severe malaria, thereby improving 
disease outcome. 

What is the possible impact of the drug, 
particularly for developing countries, where 
malaria is still a big problem?  

Unlike conventional anti-malaria drugs, which act 
directly on the parasite, our drug boosts the host’s 
immune system to better fight malaria. Hence, it 
is possible for our strategy to work against drug-
resistant malaria. In countries like Cambodia, Thailand 
and Laos, where malaria drug-resistance is a rising 
problem, this presents a possible solution for the 
treatment of malaria. We foresee that our drug will be 
administered alongside existing anti-malaria drugs in 
combination therapy.  

Antimicrobial resistance has emerged as one of 
the most pressing public health issues worldwide. 
What are the upcoming research to tackle 
this threat that you think would be the most 
significant?  

Emergence of antimicrobial resistance has really 
become a pressing issue recently. As reported 
by WHO, resistance to common antibiotics, such 
as penicillin, can be as high as 51%, and there is 
an increasing incidence of multi-drug resistant 
microbes. Tackling antimicrobial resistance requires 
a multipronged approach involving governance and 
political commitments, resource allocation, research 
focus and practical management. 

On the research front, SMART has started a new 
Interdisciplinary Research Group called Antimicrobial 
Resistance (AMR), that brings together clinicians 
and scientists from diverse backgrounds to focus 
on antimicrobial resistance. The strategy to combat 
microbial resistance can be divided into two: tackling 

the microbe and improving host resistance. 

Numerous methods have been developed to target 
the microbe, from the development of small molecule 
antibiotics, to phage therapy. However, as with any 
antimicrobial drug, there is the inevitable risk of 
development of drug resistance. Previously, when 
vancomycin was introduced in 1972, it took 16 years 
for drug resistance to develop. Now, the emergence 
of drug resistance seems to have accelerated. For 
example, ceftaroline was introduced in 2010 to 
combat drug-resistant microbes, but resistance was 
detected by 2011.  

Citing a phrase from The Yellow Emperor’s Classic of 
Internal Medicine - a strong immune system can ward 
off external pathogens. Such a strategy to improve 
host immunity to combat microbial resistance, is 
gaining traction recently, and is partly inspired by 
cancer-immunotherapy. When applied to combat 
antimicrobial resistance, the underlying idea is to 
increase the sensitivity of our own immune cells 
towards foreign pathogens. As suggested by our 
research, it is possible to use small molecule drugs to 
increase the activity of certain immune cells towards 
malaria-infected cells, thereby restricting their growth. 
In this way, the drug is targeted at the host, and not 
the microbe, and there will not be pressure on the 
microbe to develop drug-resistance. Additionally, this 
strategy exploits the evolutionary-evolved plethora of 
pathogen-recognition sensors located on our immune 
cells to hunt down wide varieties of microbes. 

Why did you decide to focus your career on 
research in infectious diseases, and specifically 
malaria?  

My undergraduate study was a double major in 
traditional Chinese medicine and biomedical sciences. 
During my internship in a hospital in Beijing, I was 

especially interested in infectious diseases, or ‘Hot 
Diseases’ as classified under TCM principles. As I 
learnt more about this field, I realised that despite 
the progression of science and technology, infectious 
diseases remain one of the top 10 causes of deaths. 

Although malaria is not commonly seen in Singapore, 
the incidence of the disease is high in countries like 
Africa, where resources spent in controlling and 
treating malaria has led to an ‘economic growth 
penalty’ of up to 1.3%. The emergence of drug-
resistant malaria in Southeast Asia is also a rising 
concern, as Singapore is a major transport hub. 
Thus, I felt the study of malaria provides a unique 
opportunity to not only study disease pathology, but 
also its social and economic implications. 

Unlike diseases that are prevalent in developed 
nations, where tertiary healthcare facilities are easily 
accessible, the diagnosis and treatment of malaria 
pose unique challenges in terms of healthcare 

accessibility. To counter this, in collaboration with 
Dr Kong Tian Fook of SMART BioSystems and 
Micromechanics, we developed a method for rapid 
label-free malaria diagnosis utilising a miniature hand-
held device that could be implemented in a primary 
healthcare setting. Through research on malaria, one 
gets a holistic view of disease management as well. 

What valuable lessons did your research in this 
area teach you?  

The greatest lesson is perseverance. One of the 
reasons why our research took three to four years is 
because unlike other immune cell types, there was no 
good representative NK cell line that we could use in 
experiments. Hence, every batch of NK cells must be 
obtained from the blood of volunteers. These cells are 
especially hard to maintain and manipulate. It took us 
some time to find the optimal conditions required to 
keep them alive and functioning in the petri dish, as 
well as for genetic manipulation. 

We should be receptive to new ideas and 
technologies, and constantly keep up to date with 
scientific progress. It was through the use of new 
sequencing technologies like microarrays and RNA 
sequencing, that we managed to screen through 
31,000 genes to identify MDA5 as the critical gene. 
CRISPR, the groundbreaking gene-editing method, 
also helped us in verifying our results.

The research “Microvesicles from Malaria-infected 
Red Blood Cells Activate Natural Killer Cells via MDA5 
Pathway” is conducted by the Singapore-MIT Alliance 
for Research and Technology (SMART), MIT, and NTU.  
It is supported by the National Research Foundation 
under the CREATE programme.   

Dr Ye Weijian is the lead author of the study that established 
that Natural Killers cells with higher levels of MDA5 respond 
better to malaria infection.  Photo: Dr Ye Weijian 



Page  18   |   RIE News RIE News |  Page  19

BARBAROS OEZYILMAZ

DEPUTY DIRECTOR,  CENTRE FOR ADVANCED 2D MATERIALS ,
PROFESSOR,  DEPARTMENT OF PHYSICS ,  FACULTY  OF SC IENCE ,  & 

DEPARTMENT OF MATERIALS  SC IENCE & ENGINEERING,  FACULTY  OF ENGINEERING
NATIONAL UNIVERSITY  OF  S INGAPORE

Imagine a future where fast-charging energy storage 
manages energy peaks efficiently, allowing renewable 
energy to be truly practical and widespread.  And 
batteries with enough energy for electric cars to go 
cross country.  

Professor Barbaros Oezyilmaz from the National 
University of Singapore (NUS) is working to realise 
these possibilities.  He conducts research into 
materials at a single atom layer thickness. By going 
small, his research is pushing the boundaries of 
nanotechnology in a big way.

He shared that materials at a two-dimensional level 
of thickness display unique physical properties that 
differ from thicker versions of themselves. Examples 
of such materials include graphene and boron nitrite.  
“There are unique opportunities and challenges due 
to the material being extremely thin,” he said, which 
is why he is working to gain a better understanding 

of these special properties to develop practical 
applications for battery and computing technologies.

Indeed, there is still much to discover about such 2D 
materials. Only recently, his team discovered that 
atomically thin semiconducting black phosphorus 
is an even better material choice for spintronics 
applications than graphene, something he describes 
as an unexpected and surprising find.

And Professor Oezyilmaz wants to turn these insights 
into applications. Some of his current projects include 
applications in energy storage systems, touch panels 
and sensors.

Today, we interact with technology mainly via touch 
screens on mobile phones and laptops. “This can be 
cumbersome at times, and we aim to develop a better 
human machine interface by using gesture controls 
from a distance,” he said.

WONDERS OF THIN MATERIALS

OUR NRF FELLOWS

Sensors can be built into other objects - such as the 
eye of a glaucoma patient - to measure changes in 
pressure. There is also potential to have automated 
immigration clearance by leveraging sensors 
to measure indicators such as touch, pressure, 
movement, and temperature. Energy storage can also 
be improved by building better batteries that store 
more and charge faster. 

“These kinds of innovations allow you to look at 
improving things such as pace makers, making 
more efficient electrical cars and benefiting the 
environment,” he said. 

The German native has been in Singapore for about a 
decade.  In 2008, he was part of the inaugural batch of 
the NRF Fellowship, a prestigious scheme offered by 
the National Research Foundation Singapore (NRF) 

NRF Fellow Professor 
Barbaros Oezyilmaz (left) with 
his research assistants.  

to outstanding early-career 
researchers from around 
the world.  Each NRF Fellow 
is provided with a research 
grant of up to S$3 million, 
which can be used to cover 
personnel, equipment, 
and consumables costs.  
Prof Oezyilmaz then went 
on to become one of the 
recipients of the NRF’s 
Competitive Research 
Programme in 2013. 

He notes that the NRF 
Fellowship research grant 
was key to the discovery of 

the unique properties of the thin materials he was 
working with.  Now that the limitations and potential 
of such 2D materials are known, the next step is to 
develop a pilot line in demonstrating the applications.  
However, the challenge lies in showing that the 
technology is mature enough to be scalable and 
commercialised. 

On becoming an NRF Fellow, Professor Oezyilmaz says 
that it was a form of recognition that his work was 
novel and important. 

“Not only did the NRF Fellowship give me 
independence, allowing me to focus entirely on my 
research, it also opened doors and helped to build 
up my networks – something that many early-career 
scientists would consider important,” he adds.
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LOH HUANQIAN

PRINCIPAL  INVEST IGATOR
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If Assistant Professor Loh Huanqian has her way, she 
would like more people to ask her about her PhD 
experiment on molecular ions.  She tells us about the 
experiment, and what she is building at the Centre for 
Quantum Technologies.  

One of the research that you are currently 
working on is the control of molecules at the 
single quantum state level, through new methods 
to cool and control molecules.  By understanding 
their interactions at the microscopic level, there 
is promise of new materials with ideal properties.  
Could you cite an example of how people can 
benefit from a potential new material based on a 
molecular behaviour that you are investigating?

One of the most intriguing materials are 
superconductors, which conduct electricity with 
100% efficiency. Existing superconductors only 
exhibit such lossless electrical transport at low 
temperatures, and their microscopic behaviour is 
not well understood. When we set up the molecules 
to mimic superconductivity on the microscopic level, 
we hope to gain insight on finding new materials that 
can super-conduct at room temperature. Such room-
temperature superconductors would fundamentally 
change the way people transport electricity, by 
replacing heavy copper wires with thin, energy 
efficient wires made of superconductors. On a small, 
consumer-device scale, this means faster, lighter 
electronics; on a large scale, such a replacement of 
the electrical grid means much less wastage of Earth’s 
limited energy resources.

NEW MATERIALS THROUGH 
MANIPULATING MOLECULES 

OUR NRF FELLOWS

What is one experiment that you have done that 
you wish more people would ask you about?

I wish people would ask me more about my PhD 
experiment on molecular ions. We had a lofty goal: 
to build a table-top experiment that could probe 
fundamental physics in a way that the Large Hadron 
Collider at CERN could not access, by precisely 
measuring the spectra of molecular ions. Incidentally, 
we ended up with an experiment that realised 
single-quantum-state control of molecular ions and 
demonstrated that their coherence time could be as 
long as a hundred milliseconds. In other words, the 
tools we developed were not only useful for precision 
studies of fundamental physics, but also showed the 
promise of molecular ions for quantum information 
processing and quantum simulation. The ability to 

impact other fields of research beyond our original 
goals came as a pleasant surprise.

If you had unlimited funding and no restrictions, 
what experiment would you conduct?

I would build a universal quantum computer based on 
molecules. A universal quantum computer would be 
powerful enough to break existing encryption codes. 
To date, the leading candidate systems for quantum 
computers are based on either superconductors 
or trapped ions. Thanks to recent breakthroughs 
with single-particle control using optical tweezers 
(which are tightly focused laser beams), scalable 
arrays of neutral atoms have risen as a dark-horse 
candidate for quantum computing, a trend that has 
been acknowledged by the journal Science. Neutral 
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molecules, assembled from well-controlled atoms, 
have also been proposed as a promising candidate 
due to their switchable long-range interactions that 
allow the selective driving of quantum logic gates. 
They also have the potential to interface with existing 
leading candidate systems like superconducting 
quantum bits. Further, long-lived quantum memory 
has been experimentally realised with neutral 
molecules, where bits of quantum information 
(“qubits” for short) are stored in the nuclear spins of 
the molecules.
 
A universal quantum computer, albeit powerful, is 
technically challenging to build. As the number of 
quantum bits scale up, each quantum bit must remain 
individually addressable with high fidelity. Realising 
this requires long-term planning, a lot of funding, and 
coordinating a myriad of talents (physicists, engineers, 
computer scientists). That said, my current project is 
to use molecules to build a quantum simulator, which 
is a simpler version of a quantum computer, but can 
still be used to solve targeted but important problems 
like those in material science.

What was the turning point that led you to 
become a scientist in this field?

I first got interested in physics research by 
participating in a research attachment program 
organised for junior college students. I worked in 
a plasma physics lab at NTU, and I was fascinated 
by how most of the equipment in an experimental 
physics lab generally had to be home-built and 
customised to meet the specific research objectives. It 
was like achieving the ultimate level of understanding 
of the physical world: in order to study a physics 
problem in nature, we also had to understand 
our experimental tools well enough to build and 
troubleshoot them.

Within physics, I tried a few different subfields of 
research as an undergraduate before deciding on 
my current subfield of atomic, molecular, and optical 
physics. I found quantum physics intriguing and 
atoms - the building blocks of nature - offered one of 
the cleanest systems for studying quantum physics. I 
liked the simplicity of controlling atoms and molecules 
with lasers, so I have stuck with this subfield since 
then.

Ultracold molecules, controlled by lasers with single 
quantum state precision, serve as ideal quantum 
simulators for solving problems in material science.  
Photo: Centre for Quantum Technologies, National 
University of Singapore

What are the upcoming developments in quantum 
technology that you think would be the most 
significant?

Many governments and companies around the world 
are now investing heavily in quantum technology, 
and the global quantum race so far has been focused 
on the highest number of qubits that people have 
created. Creating a large number alone, however, is 
not sufficient; the qubits must also be individually 
controlled with high fidelity. 

With a combination of high-quantity and high-
quality qubits, a noteworthy goal would be to 
achieve quantum supremacy, which refers to the 
use of qubits to solve problems in a way that is more 
efficient than the best classical computers. These 
can be outstanding problems in material science 
and in chemistry, for instance. In my view, it would 
be most interesting to see with which experiment 
system and for which class of problems we can first 
experimentally demonstrate quantum supremacy.

If you could go back in time, and give yourself a 
piece of advice at the start of your career, what 
would it be?

I think I would have encouraged myself to speak 
up more and ask more questions at talks and 
conferences. To be a good scientist, one must not 
only do good science, but should also communicate 

science effectively. One of the easiest ways to 
practice communicating science is by being vocal at 
conferences. It is also a fantastic way to find potential 
collaborators.

Assistant Professor Loh Huanqian is a National 
Research Foundation Fellow (Class of 2018).  

The NRF Fellowship is a competitive programme that 
provides opportunities for early career researchers to 
carry out independent research in Singapore.  It is open 
to all areas of science and technology, and outstanding 
young scientists and researchers of all nationalities are 
welcome to apply.  Application closes in March 2019.  
Visit www.nrf.gov.sg/NRFfellowship for more details. 




